The authors wish to state that the above conclusion was, however, in error. Reanalysis of the RNA made in vitro on native SPOI DNA by B. subtilis RNA polymerase core-P28 complex and by the B-P polymerase showed that by these criteria, the two RNA samples were indistinguishable and particularly that they were indistinguishable in their content of SP01 middle transcripts.
Authors'Statement on Polypeptide Splicing
In October 1973 a paper by us entitled "In Vivo Splicing of Protein: One Continuous Polypeptide from Two Independently Functioning Operons" (1) appeared in this journal. In it we claimed that some Escherichia coli heterodiploids with complementing z-nonsense mutations made active f3-galactosidase which contained wild-type size protomeric molecules rather than the expected termination and reinitiation polypeptides.
A key factor in the validity of these results is a correct analysis of the genotypes of the diploid strains involved. Recent investigations in our laboratory have revealed that this analysis was wrong and led to the assignment of incorrect genotypes to putative splicing diploids. Attempts to reproduce the results on splicing have been completely negative.
It has been shown that most of the z-alleles referred to in the paper as splicing do not complement at any significant level. Because of this we must retract the assertion that there is experimental evidence for splicing between complementing mutants in the z gene of the lac operon of E. coli. fected bacteria. Fraction LGG contains a protein (p28, molecular weight 28,000) that is labeled after phage infection and binds tightly to RNA polymerase core at a relatively high ionic strength. B. subtilis RNA polymerase core with bound P21 has the transcription specificity of the previously purified, phage-modified B-P RNA polymerase; the latter contains two subunits, Y2' and v13 (molecular weights 28,000 and 13,000, respectively) that are synthesized after phage infection. Both enzymes transcribe SPOI DNA preferentially and direct the asymmetric synthesis of viral middle RNA. p28, like v28, binds more tightly to B. subtilis RNA polymerase core than the B. subtilis initiation factor, a, at higher ionic strength. We propose that P2 and v28 are the same protein. P28 and, by implication, V28 suffice to endow the bacterial RNA polymerase core with a novel transcription specificity.
RNA polymerase (EC 2.7.7.6; nucleosidetriphosphate: RNA nucleotidyltransferase) is a deterinant of genetic regulation in the sense that its mechanism of action and its repertoire of interactions determine strategies of transcriptional control. Development of the large bacterial DNA viruses stems from programs of gene expression in which regulation is evidently largely at the transcriptional level. Bacterial host RNA polymerase is a target of this regulation through the binding of virus-coded peptides (1-3) or through modification (4) (5) (6) .
In previous experiments, we have shown that two peptides, v 2 and 013, that are synthesized after infection of Bacillus subtilis by phage SP01, bind tightly to bacterial RNA polymerase core. The resulting enzyme (called B-P), consisting of subunits v28 (molecular weight 28,000), P13 (molecular weight 13,000), and RNA polymerase core subunits ,B, ,3', a, cow, and W2 (the latter two newly identified subunits of molecular weight 11,000 and 9,500, respectively), selectively transcribes mature phage SP01 DNA to yield asymmetric viral middle RNA in vitro (7) (8) (9) . In contrast, unmodified bacterial RNA polymerase holoenzyme (constitution ,B, ,3', , a, w1, W2) selectively transcribes only the SP01 early genes (8) (9) (10) . Spiegelman and Whiteley (11) and Pero and collaborators (12, 13) have also found several new peptides bound to RNA polymerase after phage SP82 and SP01 infection and have noted altered transcription specificity. But are these peptides, either singly or together, the determinants of an altered transcription specificity? The experiments presented here suggest that peptide v28 is such a determinant.
MATERIALS AND METHODS
Growth of B. subtilis 168M (indole-), SP01 phage infection, [3H]leucine labeling of bacteria, and SP01 DNA preparation are described elsewhere (9) . 01 DNA was a gift of J. Ito.
Electrophoresis of 12.5% polyacrylamide gels in 0.1% (w/v) sodium dodecyl sulfate-containing buffer was according to Laemmli (14) . Gel fixing, staining, destaining, scanning, slicing, and determination of 3H have been described (9) .
Centrifugation through 4.5-ml linear 10-30% (v/v) glycerol gradients in buffer D (10 mM Tris*HCl pH 8, 1 mM EDTA, 0.1 mM dithiothreitol) was done with varying concentrations of KCl and, where noted, 0.01% Triton X-100 was present to improve recovery of protein. Samples of less than 0.5 ml were layered on top of these gradients and centrifuged at 60,000 rpm (358,000 X gmax, Beckman SW65 rotor) for 8.5 hr at 4°.
Gradients were collected from the bottom, through a hypodermic needle. Hybridization-competition analysis and its analytical rationale have been described (8, 9 (16) . We call this the rapid start or "RS" assay. When assaying for the ability to stimulate RNA polymerase core, the material in question was added to all the other components of the above preincubation mixture on ice. Preincubation was initiated by adding RNA polymerase core followed by transfer to 300. RNA synthesis was terminated and samples were prepared for determination of radioactivity as described (8, 9) .
Purification of RNA polymerase from large quantities of cells (greater than 100 g wet weight) has been described elsewhere (procedure 1, ref. 9) . A modification of that pro-cedure for use with small quantities of cells (not more than 10 g) is described here (procedure 2). All buffers are described in ref. 9. Step 1: Frozen cells (5-10 g wet weight) were thawed in 15-30 ml of buffer BCMG containing protease inhibitors, passed through a French press at 10,000-12,000 lb/inch2 (70,000-84,000 kPa) and centrifuged at 20,000 X g for 30 min. The supernatant was collected (Fraction I).
Step 2: Fraction I was brought to 25% saturation with solid (NH4)2SO4 (14.4 g/100 ml) and adjusted to pH 8 with 5 M NH40H. After the fraction was stirred on ice for 30 min, it was centrifuged at 314,000 X gmax for 1.5 hr (supernatant = Fraction II).
Step 3: Fraction II was 70% saturated with solid (NH4)2SO4 (30.7 g/100 ml of Fraction II) and pH was adjusted as above.
The mixture was stirred on ice for 30 min, sonicated (9) , and centrifuged at 34,000 X g... for 30 min. The pellet was dissolved in a minimum volume of buffer B containing 50 mM KCl (Fraction III).
Step 4: Fraction III was rapidly dialyzed (30 min) twice against 1 liter of buffer B with 50 mM KCl and 0.1% Triton X-100, and applied to a DEAE-cellulose column (2.5 cm inner diameter X 8 cm, equilibrated with the same buffer) at 40 ml/hr. The column was washed with 50 ml of the same buffer, and enzyme activity was eluted with 0.35 M KCl, 0.1% Triton X-100 in buffer B. Fractions with polymerase activity were pooled (Fraction IV).
Step 5: Fraction IV was diluted to 0.15 M KCl with buffer B, applied to a calf thymus DNA-cellulose column (2.5 cm inner diameter X 8 cm, equilibrated with 0.15 M KCl in buffer B) at 60 ml/hr, and washed with 100 ml of the same buffer. A linear gradient (300 ml) of 0.15-10 M KCl in buffer B was applied. Elution patterns of RNA polymerase activity followed those seen with purification procedure 1 (9) . RNA polymerase fractions corresponding to the previously described VA, VB, and VC fractions were separatedly pooled, concentrated by (NH4)2SO4 precipitation, dissolved in buffer D containing 5% glycerol (v/v) and 0.5 M KCl, and used immediately in the next step.
Step 6: Fractions VA, VB, and VC were layered onto separate 30-ml 10-30% (v/v) glycerol gradients in buffer D with 0.5 M KCl and centrifuged at 90,000 X g11,aX ( LGG and then centrifuged through a glycerol gradient, a strikingly increased recovery of RNA polymerase activity was observed, relative to a companion gradient containing only RNA polymerase core (Fig. 2) The subunit composition of LGG-stimulated RNA polymerase core was examined. Peak fractions of enzyme activity (Fig. 2) were pooled and electrophoresed (Fig. 3) . Only one 3H-labeled peptide, p28, bound to the enzyme. Stained gels showed the A, A', a, and wl subunits of the core as previously reported (ref. 9 ; CW2 was not resolved on these gels) and the peptide P28 with the mobility of V28. In three experiments the molar proportions of P28: a ranged from 0.5 to 0.9:2. In two separate experiments, minor proportions of other peptides were also found-an unlabeled peptide of molecular weight 110,000 in one instance (P110: a = 0.12:2) and an unlabeled peptide of molecular weight 75,000 (P7t: a = 0.16:2) in the other instance. The SP01-specific phage B-P polymerase contains v13 as well as v>, and fraction LGG contains a 3H-labeled peptide, Pl3, with the mobility of v01 (Fig.   1 ), yet (Fig. 4 ) and compares it with SP01 RNA made with phage B-P polymerase (8, 9) . The Table 2 shows that the middle RNA of both samples, which accounts for approximately 60% of the total, is entirely asymmetric. In contrast, B. subtilis RNA polymerase core yields symmetric SP01 RNA transcripts of the early, middle, and late genes (9) .
From these experiments, we surmise that p28 of fraction LGG is equivalent to V28 of B-P RNA polymerase from phageinfected B. subtilis. Of all the bacterial and phage-induced proteins present in fraction LGG, only P2'/v28 binds in repeated experiments to B. subtilis RNA polymerase core, under the conditions of Fig. 2 , and alone converts RNA polymerase core from uninfected cells to an enzyme having the properties of the phage B-P polyme'rase.
Influence of Salt Concentration on Binding of a and PI//v28 to RNA Polymerase Core. When RNA polymerase core and fraction LGG were combined under conditions described in the legend of Fig. 2 but at lower ionic strength (0.1 M KCl) and separated on a glycerol gradient also containing 0.1 M KCl, the properties of the recovered polymerase differed from those described in the previous section. The LGG-specific stimulation could be assayed on SPl01 DNA (3.6-fold increase relative to control; see Fig. 2 ), but also on o1 DNA (3.1-fold increase). The Fig. 2 were combined, electrophoresed, stained, destained, scanned, sliced, and counted as in Fig. 1 . Stain density ( ); radioactivity (---). Subunit designations and molecular weights are shown at the top of the graph.
complexes with 1 DNA and SP01 DNA (data not shown).
Proc. Nat. Acad. Sci. USA 72 (1975) A densitometric scan of a gel electropherogram of the pooled polymerase peak now showed, in addition to y', ,, a, and p28, a protein with the mobility of a (P-5, molecular weight 55,000). The molar ratio a:P28:P`P was 2:0.9:0.8.
The SP01 RNA made in the presence of this polymerase differed from that described in Fig. 4 and resembled RNA made by B-P polymerase in the presence of saturating amounts of a factor (ref. 9 , Fig. lib) : it contained less middle and more early RNA, including e RNA, and was asymmetric (data not shown). These properties indicate that the P`5 of fraction LGG is indeed a, but that a can bind to polymerase core only at the lower salt concentration of this last experiment. This conclusion was tested by glycerol gradient centrifugation of holoenzyme in buffer D containing varying concentrations of KCl. Loss of a factor was tested in three ways: by recovery of polymerase activity, by ability of purified a to stimulate the activity of the polymerase recovered after centrifugation, and by measurement of a activity in the supernatant portions of the glycerol gradient. a Factor was found to be released during centrifugation at greater than 0.3 NI KCl, with partial retention at 0.2 M KCl, and no significant loss at 0.1 AI KCl or less. This is in contrast to P28/v28 which, as shown inl previous sections, can bind to polymerase core at 0.5 MI KCl. v28 is at least partly retained by enzyme B-P after glycerol gradient centrifugation at 1.0 M KCl (data not shown). Thus, P28/v28 binds to RNA polymerase core significantly more strongly than r factor.
DISCUSSION
The primary aim of these experiments has been to demonstrate the conversion of transcription specificity of RNA polymerase from uninfected B. subtilis in vitro. We have provided the material for this conversion from a fraction that cochromatographs with RNA polymerase on DNA-cellulose. This fraction contains an RNA polymerase-binding protein, P28, which appears to be an unbound form of the previously identified subunit, V28, of phage-modified RNA polymerase 13-P (9). The conversion, which only requires the binding of phageinduced P28, redirects the transcription properties of RNA polymerase core so that highly asymmetric middle SPl01 RNA (Fig. 4 and Table 2 ) rather than symmetric RNA (9) is synthesized. SP01 RNA made by P28-converted core polymerase and by the B-P polymerase (9) contains similar proportions of viral middle transcripts. We surmise that p28 and V28 are identical and that the V28 subunit is a specificity determinant for phage SP01 middle RNA synthesis. An additional role for the v13 subunit in SP01 middle RNA synthesis is by no means excluded. For example, Fig. 4 suggests some difference in the in vitro synthesis of the m21 subclass of middle SP01 transcripts with the in vitro-converted and the B-P RNA polymerases. We do not know whether this difference reflects the presence or absence of vP3 subunit in RNA polymerase. Detailed analyses of the different subclasses of viral middle RNA that are synthesized in vitro by various enzymes remain to be carried out.
Recently, Pero et al. (13) Proc. Nat. Acad. Sci. USA 72 (1975) duplex formation (17) with mixtures of in vivo RNA (18) , which permits us to assign anti-messenger species to their conjugate classes of complementary in vivo messages. The anti-sense RNA that is produced in vitro in these experiments evidently is complementary to viral early (em) transcripts or to transcripts that are present in all RNA in vivo. In order to reconcile our prior results with the subsequent experiments of Pero and coworkers, we suppose that a might suppress the synthesis of anti-early RNA by an enzyme that otherwise may resemble the P28/v8-converted B-P polymerase in composition if not in stoichiometry.
We have used the RNA polymerase-binding property of P28/v28 to purify it from other phage and host proteins (Figs.  1 and 3) . However, P28/v28 may also be a DNA-binding protein since it coelutes with the RNA polymerase at moderately high salt from DNA-cellulose. Its DNA-binding specificity remains to be investigated. Fraction LGG also contains several peptides that are labeled after infection. However, molecular weight coincidence alone is not a strong criterion of identity for comparison with virus-coded proteins that bind to RNA polymerase (9, 12, 13) . Since these peptides in LGG do not bind to RNA polymerase core under our conditions, we cannot comment further on them. Fraction LGG also contains v; however, it seems likely that a merely dissociates from RNA polymerase during the glycerol gradient centrifugation in 0.5 M KCl that generates fraction LGG. The ability of P28/v28 to bind more strongly to RNA polymerase than a factor implies possible control mechanisms in vivo that might regulate the competition between a-and v28-mediated SPOl RNA synthesis.
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